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INTRODUCTION 


The  information  presented  in  this  booklet  is  part  of  the  results  of  a  con- 
tinuing program  of  research  designed  to  provide  various  kinds  of  fundamental 
information  that  are  needed  in  the  solution  of  practical  problems  in  the  Great 
Lakes.  Knowledge  of  the  currents  is  one  of  these  basic  types  of  information. 
That  currents  directly  affect  navigation  and  recreational  boating  is  obvious  -- 
but  that  they  also  contribute  to  shore  erosion,  to  silting-up  of  harbors,  to  the 
spreading  of  pollution,  and  to  the  distribution  of  fish-foods  is  not  so  evident 
though  just  as  true. 

This  pamphlet  has  been  prepared  by  the  Great  Lakes  Research  Institute  at 
the  request  of  the  Great  Lakes  Cruising  Club.     It  presents  in  non-technical 
language  our  present  information  about  the  surface  currents  of  Lakes  Michigan 
and  Huron.     The  material  given  here  is  an  abridgment  of  more  detailed  techni- 
cal information  contained  in  "Currents  and  Water  Masses  of  Lake  Huron"  and 
"Currents  and  Water  Masses  of  Lake  Michigan,"  both  being  publications  of  the 
Great  Lakes  Research  Institute  of  the  University  of  Michigan. 

No  pretense  is  made  that  the  surface  currents  shown  here  are  the  only 
ones  possible,  but  there  is    a  considerable  body  of  evidence  that  the  current 
patterns  for  prevailing-wind  conditions   (also  called  the  "normal"  currents)  are 
representative  of  the  usual  currents  in  the  two  lakes.     The  current  speeds  ob- 
tainable from  the  current  charts  are  average  speeds.     Local  currents  may  vary 
from  the  speeds  indicated  on  the  charts  by  as  much  as  tenfold,  either  faster 
or  slower. 

No  effort  is  made  to  indicate  possible  uses  of  the  material  contained  in 
this  booklet.     The  author,  the  Great  Lakes  Research  Institute,  the  University 
of  Michigan,  and  the  Great  Lakes  Cruising  Club  are  not  responsible  for  inci- 
dents arising  out  of  the  use  or  misuse  of  the  information  here  presented. 

Charts  1  and  2  give  the  common-place  names  referred  to;  they  are  in- 
cluded for  the  reader's  convenience. 


THE  "NORMAL"  CURRENTS 


Lake  Michigan 

Charts  3  and  4  show  the  surface  currents  of  Lake  Michigan  on  28  and  29 
June  1955.     On  each  of  these  days  the  lake  was  completely  covered  by  the  si- 
multaneous cruises  of  eight  vessels  —  giving  an  overall  picture  of  conditions 
in  the  whole  lake  on  each  day.     Chart  19  shows  the  courses  of  the  vessels  and 
the  sampling  stations  they  visited. 

Winds  prior  to  these  coverages  had  been  from  quarters  more  or  less  nor- 
mal for  that  time  of  year.     In  the  author's  opinion,  the  wind  conditions  (and 
hence  the  currents)  in  the  southern  half  of  the  lake  were  somewhat  more  typi- 
cal on  29  June  than  on  28  June,  while  in  the  northern   half  the  wind  directions 
at  Escanaba  and  Sault  Ste.  Marie  were  more  nearly  from  the  prevailing  direc- 
tions on  28  June  than  on  the  29th.     It  is  believed  that  the  normal  current  pat- 
tern is  most  accurately  represented  if  the  currents  of  29  June  for  the  region 
south  of  latitude  44°  (Ludington  -  Manitowoc)  are  combined  with  those  of  28 
June  for  the  region  north  of  44°.     The  "normal"  current  pattern  described 
later  will  be  from  this  combination  of  days. 

The  southern  half  of  the  lake  is  sufficiently  wide  to  exert  a  modifying 
effect  on  winds  crossing  it.     Summer  winds  coming  to  the  lower  lake  from 
southerly  or  westerly  quarters  are  warm  from  their  passage  over  the  inland 
states.     Upon  moving  out  onto  the  lake,  which  is  cooler  than  the  air,  the  lower 
levels  of  the  moving  air  are  cooled  by  the  lake  and  contract.     The  contraction 
of  the  lower  air  starts  a  descending  motion  in  the  moving  air  and  barometric 
pressure  over  the  lake  will  be  somewhat  higher  than  that  over  the  land  upwind. 
Cooling  by  the  lake,  setting  up  a  descending  motion  in  the  moving  air  and 
causing  over  the  lake  a  "high"  of  greater  or  less  strength,  should  produce  some 
tendency  for  winds  to  radiate  around  the  "high"  in  a  clockwise  direction.     The 
condition  of  clockwise  effective  wind  directions  around  the  southern  half  of  the 
lake   (arrows  marked  "W"  in  the  charts)  was  somewhat  better  realized  on  29 
June  1955  than  on  the  preceding  day.     The  currents  are  driven  by  the  wind  but, 
because  of  the  rotation  of  the  earth,  they  move  in  a  direction  about  45°  to  the 
right  of  the  wind  direction  (arrows  marked  "T"  in  the  charts).     The  somewhat 
more  typical  arrangement  of  wind  directions  on  29  June  argues  that  the  cur- 
rent pattern  of  that  day  will  be  somewhat  nearer  the  "normal"  than  will  the 
one  of  the  28th.     Table  1  gives  the  winds  of  the  periods  of  the  Lake  Michigan 
surveys . 

The  southern  half  of  Lake  Michigan  (in  Chart  4)  contains  two  dominant  cur- 
rent features.     A  large  flattened  clockwise  eddy  commonly  lies  close  to  the 
Michigan  shore  and  extends  from  off  Grand  Haven  to  Michigan  City.     Associ- 
ated with  this  eddy  are  two  smaller  ones  which  are  counterclockwise  and  which, 
in  the  lee  of  the  shore  from  Little  Sable  Point  to  Benton  Harbor  and  from 
Michigan  City  to  Chicago,  have  currents  contrary  to  the  wind.     The  second 
major  feature  of  the  current  pattern  is  the  outflow  current  which  rises  from 
the  Wisconsin  shore  at  about  Rawley  Point,  then  flows  southward  (just  off 
shore)  to  about  the  offing  of  Waukegan  where  it  turns  offshore  and  crosses  to 
the  central  and  east-central  part  of  the  lake;  here  it  becomes  associated  with 
the  west  side  of  the  large  east-shore  eddy  and  moves  northward  to  come  to 
the  Michigan  shore  at  Big  Sable  Point .    Small  clockwise  eddies  lying  off 
Waukegan,  off  Kenosha,  and  off  Milwaukee  are  associated  with  the  outflow 


current  and  are  run  by  it  as  a  large  gear  would  run  three  small  gears. 

Currents  in  the  west-central  part  of  the  southern  half  of  the  lake  appear 
to  be  weak,  except  from  Michigan  City  northward  to  the  offing  of  Waukegan. 

In  the  northern  half  of  the  lake  (in  Chart  3)  the  dominant  feature  is  the 
outflow  current  which  passes  up  the  Michigan  shore  from  Big  Sable  Point  past 
Point  Betsie  and  the  Manitou  Islands  almost  to  Seul  Choix  Point  on  Michigan1  s 
Upper  Peninsula.     Off  Seul  Choix  Point  the  current  divides,  with  the  larger 
portion  making  a  U-shaped  swing  southward  to  pass  below  Beaver  Island  and 
approach  the  Straits  of  Mackinac  from  the  southwest,  and  the  smaller  portion 
passing  eastward  above  the  Beaver  Islands  to  the  straits.     The  outflow  current 
runs  small  clockwise  eddies  in  the  embayments  between  Big  Sable  Point  and 
Point  Betsie,  between  Point  Betsie  and  Sleeping  Bear  Point,  in  Little  Traverse 
Bay,  and  in  Sturgeon  Bay  (Michigan).     It  also  drives  counterclockwise  eddies 
situated  off  Naubinway,  Port  Inland,  and  Manistique  on  the  Upper  Peninsula  of 
Michigan. 

On  the  west  side  of  the  northern  part  of  the  lake  the  currents  tend  to  be 
southward  with  the  outflow  from  Green  Bay  contributing  part  of  the  alongshore 
flow.     A  large  counterclockwise  eddy  lies  in  the  east-central  part  of  the  lake 
off  Frankfort. 


The  Straits  of  Mackinac 


Under  prevailing  winds  the  surface  current  in  the  Straits  is  to  the  east 
with  division  of  the"  flow  after  it  has  passed  Point  Mackinaw.     The  major  part 
of  the  current  passes  down  South  Channel,  for  prevailing  winds  are  from  the 
north  of  west.     Minor  portions  of  the  current  pass  between  Mackinac  Island 
and  Round  Island;  current  speeds  in  this  pass  may  be  high  as  a  result  of  the 
narrowness  of  the  channel.     Prevailing  winds  usually  cause  southward  current 
between  Mackinac  Island  and  St.  Ignace. 


Lake  Huron 


Chart  5  shows  the  surface  current  pattern  of  Lake  Huron  on  29  June  1954. 
Three  multiple -vessel  single -day  coverages  of  the  lake  were  made  during  the 
summer  of  1954;  of  the  three  the  one  shown  is  the  most  "normal."     Chart  20 
shows  the  courses  of  the  vessels  and  the  stations  they  visited.     Winds  prior 
to  this  coverage   (Table  2)  were  more  consistently  from  the  prevailing  direc- 
tions than  was  true  in  the  days  before  the  other  two.     Further,  the  results 
shown  in  Chart  5  are  confirmed  by  two  previous  all -shipping-season -long 
studies  of  currents  which  gave  the  same  main  current  features  but  did  not 
cover  the  lake  so  completely. 

There  are  two  primary  features  in  the  Lake  Huron  current  pattern:     the 
flow-through  current  and  the  mid-lake  eddy.     The  flow-through  current  is  the 
belt  of  main  current  by  which  the   inflows  from  Lakes  Michigan  and  Superior 
pass  along  the  length  of  the  lake  and  arrive  at  the  St.  Clair  River.     The  mid- 
lake  eddy  is  a  large  counterclockwise  eddy  of  current  located  in  about  mid- 
lake  between  Presque  Isle  and  Cape  Hurd.     As  was  the  case  in  Lake  Michigan, 
smaller  eddies  are  associated  with,  and  driven  by,  both  the  primary  current 
features . 

The  flow-through  current  originates  in  the  eastern  part  of  the  Straits  of 
Mackinac.     Lake  Superior  water  emerging  into  Lake  Huron  through  Mississagi 


Strait,  False  Detour  Channel,  and  Detour  Channel  flows  westward  along  the 
north  shore  to  about  Les  Cheneaux  Islands.     Here  it  meets  the  outflow  from 
Lake  Michigan  and  the  two  unite  and  turn  southeast.     The  region  of  junction  of 
the  two  waters  is  east  of  Mackinac  Island  and  about  north  of  the  east  end  of 
Bois  Blanc  Island.     The  united  flows  move  southeastward  along  the  shore  of 
Michigan's  Lower  Peninsula  to  Presque  Isle.     Just  beyond  Presque  Isle  the  cur- 
rent leaves  shore  by  continuing  to  the  southeast  while  the  shore  trends  south- 
ward.    From  Presque  Isle  to  mid-lake  at  latitude  44°  30T  the  outflow  current 
is  about  15  miles  in  total  width  with  the  strongest  currents  in  the  center  seven 
or  eight  miles. 

In  the  offing  of  Thunder  Bay  the  current  begins  to  fan  out  gradually  and 
the  fanning  out  continues  to  mid-lake  at  44°  30T  where  the  current  separates 
into  two  branches.     One  branch  (the  smaller  one)  turns  eastward  for  a  few 
miles  and  then  curves  into  a  northward  direction  and  enters  the  mid-lake  eddy. 
The  major  portion  (the  flow-through  current)  is  contained  in  the  branch  that 
moves  west  and  reaches  the  Michigan  shore  throughout  the  region  from  Sturgeon 
Point  to  Oscoda. 

Flowing  southward  after  reaching  the  Michigan  shore,  the  flow-through  cur- 
rent in  part  dips  into  the  outer  end  of  Saginaw  Bay  as  far  as  Big  Charity  Is- 
land and  in  part  crosses  directly  across  the  mouth  of  the  bay.     At  Pointe  aux 
Barques  the  current  is  again  narrow  and  close  to  shore.     From  Pointe  aux 
Barques  the  flow-through  current  moves  northeast  to  the  center  of  the  lake, 
then  turns  south  for  about  35  miles.     In  mid-lake  off  Harbor  Beach  the  current 
curves  to  the  southwest  and  returns  to  the  Michigan  shore.     It  runs  along  shore 
to  Lexington  where  it  turns  southeast  and  moves  to  the  center  of  the  lake  and 
then  curves  southwestward.     It  reaches  the  St.  Clair  River  as  strong  flow  from 
the  northeast  in  the  eastern  half  of  the  extreme  lower  end  of  the  lake. 

Associated  with  the  flow-through  current,  and  driven  gear-wise  by  it,  are 
five  medium-to-small  eddies  of  current.     A  clockwise  eddy  outside  Thunder 
Bay  and  a  small  counterclockwise  one  in  Thunder  Bay  are  the  first  two  of  the 
five.     Off  the  mouth  of  Saginaw  Bay  a  medium-sized  eddy  is  formed  by  the 
westward  meander  of  the  flow-through  current.     On  the  Ontario  shore  off 
Goderich  is  a  counterclockwise  eddy  driven  by  the  flow-through  current.     The 
final  eddy  of  the  five  is  a  small  clockwise  eddy  situated  off  Lakeport,  Michigan. 

Returning  to  mid-lake  at  44°  30'  and  the  eastward  branch  of  current,  we 
find  that  this  branch  is  the  chief  contributor  to  the  mid-lake  eddy.     From  44° 
30'  this  branch  flows  successively  east,  north,  northwest,  and  southwest  to 
rejoin  the  eastern  side  of  the  flow-through  current  in  the  offing  of  Presque 
Isle  and  thus  to  circumscribe  the  mid-lake  eddy. 

A  long  flattened  clockwise  eddy  driven  by  the  mid- lake  eddy  is  located 
along  the  Ontario  shore  from  Cape  Hurd  to  Clark  Point.     At  the  entrance  to 
Georgian  Bay,  waters  from  this  eddy  and  from  the  mid-lake  eddy  pass  east- 
ward into  the  bay.     There  is  some  evidence  that  average  surface  current  in 
Owen  Channel  between  Fitzwilliam  Island  and  MJanitoulin  Island  may  be  west- 
ward, but  the  evidence  is  not  very  conclusive  and  this  current  is  not  shown  on 
the  chart. 

On  29  June  1954  the  east  side  of  the  mid-lake  eddy  showed  a  reversed-S 
of  current  between  latitudes  45°  00'  and  45°  30'.     It  is  doubted  that  this  is  a 
permanent  feature  of  the  eddy.     Until  this  is  proven,  the  east  side  of  the  eddy 
should  be  considered  as  being  approximately  parallel  to  the  trend  of  the  Cana- 
dian shore. 

Along  the  shores  of  Manitoulin,  Cockburn,  and  Drummond  Islands  there  are 
currents  of  some  strength  moving  westward  parallel  to  shore.     The  waters 


involved  in  this  flow  appear  to  come  mostly  from  the  mid-lake  eddy,  with  minor 
additions  received  from  Mississagi  Strait,   False  Detour  Channel,  and  Detour 
Channel. 

Detailed  studies  in  Saginaw  Bay  were  carried  out  by  the  United  States  Fish 
and  Wildlife  Service  in  1955.     They  confirmed  the  counterclockwise  trend  of 
currents  which  Chart  5  indicates  as  "estimated"  in  the  inner  end  of  the  bay. 
The  author  greatly  appreciates  their  permission  to  use  this  information. 


Drift  Bottle  Studies 

The  drift  of  floating  objects  has  provided  man  with  both  food  for  thought 
and  information  about  currents  since  he  first  approached  a  sea-faring  mode  of 
life.     Tropical  woods  stranded  as  driftwood  on  the  coast  of  Ireland  are  cited 
among  the  several  reasons  that  Columbus  believed  the  "Indies"  lay  west  of 
Europe.     Few  persons  will  pass  an  empty  bottle  on  the  beach  without  at  least 
a  stolen  glance  to  see  if  it  contains  a  "bottle  note."    Interest  in  the  paths 
taken  by  flotsam  stems  from  several  causes.     It  may  have  a  sanitation  basis 
(as  when  a  public  health  official  suspects  that  the  sewer  outfall  is  upcurrent 
from  the  water  intake),  a  more  macabre  undertone   (the  location  or  back-tracking 
of  a  drowned  body),  or  any  of  several  other  causes,  but  generally  it  is  nothing 
more  than  plain  human  curiosity. 

For  many  years  use  has  been  made  of  the  beachcomber's  natural  "wonder 
where  it  came  from?"  to  obtain  information  about  currents.     Bottle  messages 
released  at  sea  are  accompanied  by  a  return  postcard  upon  which  the  finder  is 
asked  to  report  the  date  and  place  of  discovery.     The  whole  package  of  mes- 
sage, return  card,  and  bottle  is  commonly  called  a  "drift  bottle." 

Charts  6  and  7  and  Tables  3  and  4  show  the  release  points  and  discovery 
points  of  161  drift  bottles  released  in  Lake  Michigan  on  28  and  29  June  1955. 
Chart  19  shows  the  stations  where  the  bottles  were  released.     It  is  of  course 
impossible  to  tell  the  actual  path  travelled  by  a  drift  bottle,  but  the  direction 
of  its  movement  is  convincing  evidence  of  the  direction  of  the  current.     Since 
a  drift  bottle  usually  remains  afloat  for  several  days,  its  average  rate  of  tra- 
vel is  an  average  of  its  movements  in  fast  currents  and  in  slow  ones.     The 
average  current  speeds  obtainable  from  Charts  3,  4,  and  5  have  been  derived 
from  a  complicated  computation  of  the  distribution  of  density  of  the  water,  but 
they  have  been  checked  by  (and  are  in  good  agreement  with)  the  average  speeds 
of  the  drift  bottles  that  travelled  in  the  same  regions. 

When  several  drift  bottles  are  released  at  one  place,  the  straight  lines 
connecting  release  point  to  place  of  recovery  may  all  run  nearly  side -by-side 
(indicative  of  strong  currents)  or  they  may  fan  out  (indicating  the  successive 
stranding  of  bottles  moving  in  a  circular  path).     The  paths  of  bottles  released 
off  Manistee  in  Chart  6  and  just  off  Charlevoix  in  Chart  7  are   good  examples 
of  the  strong-current  type  of  distribution;  the  movements  of  those  released  off 
Manistique  in  both  charts  show  the  fan-shaped  distribution  indicative  of  strand- 
ing from  an  eddy. 

Chart  8  and  Table  5  give  the  release  points  and  recovery  points  of  89 
drift  bottles    from  releases  made  in  Lake  Huron  on  29  June  1954.     Chart  20 
shows  the  stations  where  releases  were  made.     Strong-current  distributions  of 
the  bottles  are  indicated  in  South  Channel  of  the  Straits  of  Mackinac,   False 
Detour  Channel,  and  at  the  extreme  end  of  the  lake  near  the  mouth  of  the  St. 
Clair  River.     Fan-shaped  distributions  indicative  of  bottles  stranding  out  of 
eddies  are  shown  off  Goderich  and  along  the  Saugeen  Peninsula. 


One  bottle  of  the  Lake  Huron  releases  obviously  had  human  help  in  its 
travel,  for  it  "moved"  from  the  middle  of  the  south  shore  of  Manitoulin  Island 
to  Oliphant,  Ontario  in  12  days.     That  it  moved  almost  directly  opposite  to 
releases  at  nearby  points,  that  it  would  have  had  to  make  more  than  half  the 
straight-line  trip  against  the  currents,  or  that  it  would  have  had  to  travel  at 
anomalously  high  speed  to  have  made  the  trip  around  the  mid-lake  eddy  in  12 
days  were  points  the  prankish  and  not-too-honest  finder  failed  to  appreciate. 


WATER  TEMPERATURES 


Chart  9  gives  the  distribution  of  surface  water  temperatures  on  29  June 
1955,  one  of  the  days  of  "normal"  current  pattern  in  Lake  Michigan.     Chart  10 
shows  a  similar  "normal"  surface  temperature  distribution  on  29  June  1954  in 
Lake  Huron.     In  each  of  these  charts  the  positions  of  each  whole  degree  of 
Centigrade  temperature  have  been  connected  by  lines.     Each  of  these  lines  or 
isotherms  should  be  considered  as  delimiting  a  "puddle"  or  band  of  water  which 
was  colder  on  one  side  of  the  line  and  warmer  on  the  other.     A  "V"  lying  on 
its  side  with  the  point  to  the  right  means  "more  than";  one  with  its  point  to 
the  left  means  "less  than"  and  should  be  read  with  the  number  closest  to  it. 

Because  Centigrade  temperature  values  are  not  in  general  use  in  this 
country,  the  following  table  of  equivalent  temperatures  is  included: 


0°  C  or  32.0° 

6°  C  or  42.8 

7°  C  or  44.6 

8°  C  or  46.4 

9°  C  or  48.2 

10°  C  or  50.0 

11      C  or  51.8 

12°  C  or  53.6 

13°  C  or  55.4 

14°  C  or  57.2 

Fahrenheit  (freezing) 

15°  C  or  59.0 

F 

F 

16°  C  or  60.8 

F 

F 

17°  C  or  62.6 

F 

F 

18°  C  or  64.4 

F 

F 

19°  C  or  66.2 

F 

F 

20°  C  or  68.0 

F 

F 

21°  C  or  69.8 

F 

F 

22°  C  or  71.6 

F 

F 

23°  C  or  73.4 

F 

F 

24°  C  or  75.2 

F 

(room  temperature) 


The  charted  temperatures  are  for  late  June;  they  increase  slowly  during  the 
summer  and  by  late  August  may  be  as  much  as  4°  C  higher  in  the  shallower 
portions  of  the  lakes.     The  very  cold  spot  in  the  center  of  Lake  Huron  is  a 
special  case,  it  warms  to  about  16     C  or  60.8     F  by  late  August  when  surface 
warming  cuts  off  a  rising  of  cold  subsurface  water  there. 

Dashed  lines  on  the  temperature  charts  indicate  that  there  is  some  uncer- 
tainty as  to  where  the  lines  should  go. 

Since  temperature  is  the  primary  (but  not  the  only)  factor  in  determining 
the  density  of  fresh  water  and  since  the  distribution  of  density  has  been  used 
in  computing  the  probable  current  pattern,  the  reader  might  be  interested  in 
seeing  the  temperature  distributions.     Rough  estimates  of  current  direction  can 
be  made  from  the  fact  that  the  warmer  water  is  on  the  observer's  right  when 
he  faces  in  the  direction  that  the  current  is  going. 


THE  UNUSUAL  CURRENTS 


Lake  Michigan 

On  9  and  10  August  1955  multiple -boat  single-day  coverages  of  Lake  Michi- 
gan were  carried  out.     Winds  at  Chicago  and  Milwaukee  were  from  easterly 
quarters  on  the  7th,  8th,  and  9th;  at  Grand  Rapids  and  Sault  Ste.  Marie  they 
were  from  easterly  quarters  on  the  8th  and  9th;  Escanaba  had  north  winds  on 
the  7th  and  south  winds  on  the  8th  and  9th;  on  the  10th  the  winds  at  all  these 
stations  were  from  westerly  quarters,  except  at  Chicago  which  had  east  winds. 
In  other  words,  the  surveys  on  the  9th  and  10th  came  after  winds  which  were 
from  unusual  quarters.     The  current  patterns  in  the  lake  on  these  two  days  may 
be  taken  as  representing  the  currents  to  be  expected  during  the  second  day  of 
a  two-day  easterly  blow.     Table  1  gives  the  winds  that  preceded  all  four  of  the 
Lake  Michigan  surveys. 

Currents  in  the  lake  do  not  respond  immediately  to  wind  changes,  in  fact 
the  evidence  indicates  that  the  currents  present  on  any  given  day  reflect  the 
wind  directions  plus  rotation  of  the  earth  ("T"  arrows  around  Lake  Michigan 
charts)  of  the  days  prior  to  the  one  in  question,  but  not  of_  the  day  in  question. 
If  you  are  sailing  today,  you  are  encountering  the  currents  set  up  by  the  winds 
of  yesterday,  the  day  before,  the  day  before  that,  etc.,  but  the  effects  of  today's 
winds  will  not  be  showing  until  tomorrow.     The  effectiveness  of  previous  winds 
in  today's  current  pattern  falls  rapidly  as  the  days  become  farther  in  the  past. 
Yesterday's  winds  would  be  ranked,  for  example,  as  1;  those  of  the  day  before 
as  1/2;  those  of  the  day  before  that  as  1/4,  etc.     For  practical  purposes  the 
winds  of  the  preceding  four  or  five  days  are  usually  all  that  need  be  considered, 
but  to  be  strictly  accurate  about  ten  days  need  to  pass  before  the  effects  of  a 
day's  winds  are  completely  gone  from  the  current  pattern.     The  "W"  arrows 
on  the  Lake  Michigan  charts  are  the  effective  wind  direction  of  the  preceding 
ten  days. 

Today's  winds  spend  their  energies  changing  the  current  pattern  left  by 
yesterday;  the  changed  pattern  will  be  operative  tomorrow  at  the  soonest.     If 
today's  winds  are  from  the  same  direction  as  yesterday's,  their  effects  will 
show  in  increased  current  speeds  tomorrow.     If  today's  winds  are  opposite  to 
those  of  yesterday,  they  will  show  as  slowed  currents,  stopped  currents,  or 
reversed  currents  tomorrow  according  to  whether  today's  winds  are  weaker, 
equal  to,  or  stronger  than  yesterday's.     Wind  shifts  amounting  to  less  than 
actual  reversal  of  direction  will  cause  changes  in  both  the  directions  and  speeds 
of  the  currents,  as  a  moving  billiard  ball  when  struck  by  the   cue  ball  takes  up 
a  new  direction  and  a  new  speed  that  combine  those  it  originally  had  with  those 
it  received  from  the  cue  ball. 

Chart  11  gives  the  currents  in  Lake  Michigan  on  the  second  day  of  an  eas- 
terly blow  (third  day  at  Chicago).     The  dominant  feature  in  the  current  pattern 
on  this  day,   9  August,  was  a  strong  and  wide  southward  current  along  the  east 
shore  from  the  Straits  to  Chicago.     The  large  eddy  found  against  the  Michigan 
shore  under  "normal"  winds  was  displaced  to  the  center  of  the  lake.     The  out- 
flow current  also  was  crowded  away  from  the  Michigan  shore.     It  ran  almost 
up  the  middle  of  the  lake  as  far  as  the  offing  of  Frankfort  where  it  crossed 
to  the  mouth  of  Green  Bay  and  then  went  eastward  along  the  shore  of  the  Up- 
per Peninsula  of  Michigan.     In  the  western  part  of  the  Straits  of  Mackinac  the 
outflow  current  was  denied  escape  into  Lake  Huron  by  the  water  transport 
direction  ("T"  arrow)  accompanying  the  winds  in  the  Straits. 


The  water  transport  direction  in  the  Straits  appears  to  be  the  key  to  the 
whole  current  pattern  in  Lake  Michigan.     When  the  effective  wind  direction  (re- 
sulting from  the  preceding  few  days'  winds)  is  from  too  far  north  or  east  the 
accompanying  water  transport  direction  is  headed  back  into  Lake  Michigan  and 
surface  outflow  to  Lake  Huron  is  stopped.     At  such  times  the  outflow  current 
turns  down  the  east  shore  of  the  lake  and  reinforces  the  southward  current 
which  is  being  formed  by  the  T-arrow  water  transport  forces.     At  such  times, 
also,  Lake  Huron  water  is  pushed  into  Lake  Michigan  through  the  Straits.     The 
levels  of  the  two  lakes  are  kept  in  balance  at  such  times  by  a  subsurface  flow 
of  water  from  Lake  Michigan  into  Lake  Huron. 

In  Chart  11,  on  the  second  day  of  the  easterly  blow  and  before  the  full 
effects  of  the  blow  had  developed,  northeast  effective  winds  with  westward  water 
transport  were  pushing  the  currents  away  from  shore  in  the  Grand  Rapids  area. 
In  the  Chicago  region  they  were  drawing  the  east-shore  south  current  over  to 
the  city.     At  Milwaukee  they  were  moving  water  toward  shore  but  its  effect 
would  not  be  fully  expressed  until  the  next  day.     At  Escanaba  the  water  trans- 
port direction  was  such  as  to  draw  water  in  through  the  mouth  of  Green  Bay 
(and  probably  produce  strong  eastward  current  in  Sturgeon  Bay  Canal). 

In  Chart  12,  after  two  full  days  of  easterly  winds   (three  at  Chicago)  the 
east-shore  south  current  was  wide  and  extended  out  to  the  center  of  the  lake. 
The  large  clockwise  eddy  normally  against  the  Michigan  shore  in  the  southern 
part  of  the  lake  had  been  pushed  over  against  the  Illinois  shore  in  the  region 
between  Wilmette  and  the  Wisconsin  boundary.     At  Milwaukee,  water  had  been 
transported  onto  shore  until  it  made  a  wind  set-up,  or  hill  of  water,  and  on 
the  slope  of  this  set-up  current  ran  south  as  it  should  under  such  conditions. 
The  outflow  current  was  broken  at  latitude  43     45'.     The  southern  part  flowed 
eastward  below  Milwaukee  to  join  the  east-shore  south  current;  the  remainder 
formed  a  large  and  flattened  eddy  off  the  mouth  of  Green  Bay.     Except  for 
Grand  Traverse  Bay  and  the  eddy  off  Naubinway,  the  eddies  in  the  northern 
half  of  the  lake  were  reversed  in  current  direction  from  their  normal  condition. 


Lake  Huron,  Winds  North  of  Normal 

In  Chart  13  is  shown  the  current  pattern  of  Lake  Huron  on  27  July  1954. 
This  survey  followed  winds  (Table  2)  which,  in  the  Straits  region,  were  from 
the  "normal"  west  northwest  direction  during  the  days  before  the  survey.     Con- 
sequently, the  currents  in  the  upper  end  of  the  lake  were  essentially  as  in  the 
normal  pattern  given  in  Chart  5.     A  small  eddy  in  South  Channel  was  the  only 
well-substantiated  difference.     A  scanty  amount  of  evidence  suggested  that  there 
might  have  been  eastward  current  along  the  shores  of  Drummond,  Cockburn, 
and  Manitoulin  Islands,  but  there  was  little  certainty  of  it. 

In  the  central  part  of  the  lake  the  winds  during  the  week  prior  to  27  July 
had  been  from  the  north  for  three  consecutive  days   (Table  2)  and  the  currents 
appeared  to  be  recovering  from  the  southwestward  distortion  that  such  winds 
would  have  imposed  upon  them.     The  recovery  was  not  being  materially  helped 
by  northwest  winds  just  before  the  survey.     North  winds  blow  south  but  the  ro- 
tation of  the  earth  converts  the  wind  energy  into  a  water-moving  (water  trans- 
port) force  about  45     to  the  right  of  the  wind  movement,  i.  e.,  a  north  wind 
tends  to  move  water  to  the  southwest.     In  the  same  fashion  northwest  winds 
blow  southeast  but  move  water  south. 

The  flow-through  current  off  Thunder  Bay  was  just  off  the  Michigan  shore, 
but  still  made  a  westward  turn  to  come  shoreward  in  the  region  from  Sturgeon 


Point  to  Oscoda.     It  still  travelled  south  along  the  shore  past  Tawas  Point  and 
dipped  into  Saginaw  Bay.     The  eddy  that  normally  lay  off  the  mouth  of  the  bay 
was  almost  against  shore  at  Oscoda.     The  flow-through  current  emerged  from 
Saginaw  Bay  along  the  south  shore  of  the  bay  mouth,  but  instead  of  going  north- 
eastward to  mid-lake  it  passed  in  a  southeasterly  direction  almost  to  the 
Ontario  shore  from  whence  it  moved  southwest  to  the  St.  Clair  River. 

The  mid-lake  eddy  was  almost  non-existent  on  27  July.     All  that  remained 
of  it  was  a  circular  arrangement  of  weak  currents  off  Macpherson  Point.     A 
weak  eastward  branch  of  the  flow-through  current  left  that  current  at  about  44 
10'  and  passed  northeastward  along  the  side  of  the  remnant  of  the  mid- lake 
eddy.     Another  eastward  branch  of  the  flow-through  current  left  the  east  side 
of  that  current  in  latitude  44°  45'  and  crossed  almost  to  the  Saugeen  Peninsula. 
This  is  interpreted  as  being  the  beginning  of  the  re -establishment  of  a  normal 
mid-lake  eddy  as  the  result  of  the  west  and  northwest  winds  of  the  days  just 
prior  to  the  survey. 

In  the  southern  end  of  the  lake  the  winds  (Table  2)  had  been  from  the  north 
and  northeast  for  six  days  prior  to  the  survey  of  27  July.     The  southward  and 
westward  displacement  (of  currents)  resulting  from  these  winds  causing  the 
flow-through  current  to  slant  southeastward  across  the  lake  instead  of  going 
northeast  to  mid-lake  then  south  and  southwest  to  reach  the  Michigan  shore 
below  Harbor  Beach.     The  counterclockwise  eddy  which  "normally"  was  situated 
off  Goderich  was,  on  the  27th,  at  Grand  Bend. 


Lake  Huron,  Winds  South  of  Normal 

On  25  August  1954  Lake  Huron  was  surveyed  after  the  winds  over  the  cen- 
tral and  southern  parts  of  the  lake  had  been  from  the  south  and  east  for  four 
of  the  preceding  seven  days   (Table  2).     Chart  14  presents  the  current  pattern 
in  the  lake  on  25  August.     Again,  winds  in  the  Straits  region  were  from  essen- 
tially the  normal  west  northwest,  and  again  the  currents  in  the  upper  portion 
of  the  lake  were  not  materially  modified  from  the  normal  condition. 

In  the  central  portion  of  the  lake  the  currents  were  displaced  to  the  east 
and  north.     The  flow-through  current  was  deflected  to  the  eastward  at  Presque 
Isle  and  flowed  eastward  and  northeastward  to  Manitoulin  Island.     In  doing  so, 
it  passed  around  the  south  end  of  the  mid-lake  eddy  which  was  displaced  north- 
ward and  was  centered  about  at  the  Duck  Islands. 

Currents  directed  off  the  shore  arose  along  the  Michigan  coast  from  Oscoda 
to  Thunder  Bay.     About  half  of  these  turned  eastward  above  Thunder  Bay  and 
crossed  to  Cape  Hurd,  from  there  they  went  northwest  along  the  shore  of  Mani- 
toulin Island  and  up  the  east  side  of  the  mid-lake  eddy.     The  other  half  turned 
eastward  above  Thunder  Bay  but  then  went  south  almost  to  Pointe  aux  Barques. 
Here  they  curved  northeastward  and  crossed  into  the  east-central  part  of  the 
lake  off  Macpherson  Point.     From  there  a  part  went  northeast  along  the  Saugeen 
(Bruce)  Peninsula  and  a  part  flowed  south  along  the  center  of  the  lake.     The 
clockwise  eddy  normally  situated  at  the  mouth  of  Saginaw  Bay  was  displaced  to 
the  north  and  east  and  lay  about  a  third  of  the  way  across  the  lake.     Inflow 
into  Saginaw  Bay  appeared  to  be  up  the  center  of  the  bay  mouth  and  outflow 
from  the  bay  was  along  its  south  shore. 

In  the  southern  end  of  the  lake,  northeast  currents  rose  from  the  shore 
between  Lexington  and  Harbor  Beach.     These  in  part  turned  south  in  mid-lake 
east  of  Pointe  aux  Barques  and  in  part  joined  the  cross -lake  current  from 
Saginaw  Bay  and  went  to  the  offing  of  Macpherson  Point  before  returning  south 


down  the  center  of  the  lake  and  approaching  the  St.  Clair  River  from  the  north- 
east.    The  small  clockwise  eddy  normally  off  Lakeport  was  pushed  up  to  the 
offing  of  Lexington. 


Drift  Bottle  Studies 

Charts  15  and  16  and  Tables  6  and  7  give  the  release  and  discovery  data  on 
78  drift  bottles  recovered  from  releases  in  Lake  Michigan  on  9  and  10  August 
1955.     These  releases  accompanied  the  unusual  current  condition  in  the  lake  and 
the  movements  of  the  bottles  as  well  as  their  average  speeds  have  been  used 
as  checks  on  the  current  directions  and  speeds  of  Charts  11  and  12  which  were 
deduced  primarily  from  the  distribution  of  water  density. 

These  drift  bottles  have  been  studied  and  used  in  the  same  way  as  were 
those  accompanying  the  normal  currents.     No  additional  comment  is  considered 
necessary  for  the  bottles  of  9  August.     The  bottles  released  on  10  August  fall 
into  two  groups,  on  the  basis  of  their  movements.     Those  recovered  in  less 
than  four  days  (see  Table  7)  moved  in  directions  that  indicate  they  were  carried 
by  the  unusual  current  condition  present  on  10  August.     Those  found  and  reported 
after  four  days  or  more  moved  in  directions  not  like  those  of  the  unusual  cur- 
rent pattern,  but  like  those  of  the  normal  current  pattern.     They  are  believed 
to  have  stayed  adrift  until  after  the  unusual  currents  had  ceased  and  the  winds 
and  currents  had  returned  to  normal  or  nearly  so. 

Charts  17  and  18,  and  Tables  8  and  9,  give  the  drift  bottle  data  for  the  un- 
usual current  conditions  in  Lake  Huron. 


IN  CLOSING 


Abridgment  such  as  has  been  made  here  is  never  completely  successful. 
The  omissions  and  condensations  that  are  necessary  always  result  in  the  loss 
of  explanatory  material,  and  sometimes  result  in  ambiguities  where  the  reader 
obtains  an  idea  quite  different  from  that  being  presented.     The  author  honestly 
believes  that  he  has  been  successful  in  avoiding  ambiguities,  but  he  also  has  a 
healthy  pessimism  about  the  matter.     The  material  presented  here  has  been 
abstracted  from  the  surface  temperature,  drift  bottle,  and  composite  surface 
currents  sections  of  the  two  full-fledged  works  indicated  earlier.     The  perplexed 
reader  is  referred  to  them,  they  are  not  as  difficult  as  they  may  look. 
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Table  1-    Wind  data,  Lake  Michigan,  1955. 
Dir.  =  prevailing  direction;  mph  =  average  velocity,  mph. 


Chicago 

Milwaukee 

Grand  Rapids 

Escanaba 

Sault  Ste. Marie 

Date 

Dir. 

mph 

Dir. 

mph 

Dir. 

mph 

Dir. 

mph 

Dir. 

mph 

29  June 

SSW 

10.4 

SSW 

13.1 

SSW 

6.8 

S 

9.3 

SE 

5.4 

28 

S 

8.1 

SSW 

12.4 

NW 

3.5 

s 

9.2 

SW 

5.1 

27 

ENE 

7.0 

ESE 

8.1 

NW 

2.4 

s 

7.1 

W 

7.5 

26 

ENE 

7.1 

ENE 

6.3 

N 

6.1 

NW 

6.2 

WNW 

9.6 

25 

NE 

9.6 

ENE 

9.4 

NNW 

5.5 

N 

11.5 

NW 

9.3 

24 

E 

6.9 

W 

8.6 

WNW 

6.0 

N 

7.6 

WNW 

8.6 

23 

NW 

8.5 

WNW 

11.0 

WNW 

5.6 

S 

5.7 

WNW 

9.3 

22 

NW 

10.9 

WNW 

17.7 

NW 

9.3 

NW 

13.6 

WNW 

12.8 

21 

NW 

10.8 

WNW 

15.1 

WNW 

8.4 

NW 

11.1 

WNW 

10.9 

20 

WNW 

6.6 

SW 

•8.1 

W 

4.3 

S 

7.7 

SW 

5.9 

19 

sw 

9.2 

s 

5.9 

ESE 

3.1 

s 

8.0 

SW 

7.4 

10  August 

E 

4.7 

WNW 

9.8 

WNW 

4.3 

NW 

9.3 

WNW 

7.5 

9 

E 

5.8 

ESE 

8.6 

E 

5.2 

s 

9.4 

SE 

8.4 

8 

ENE 

9.8 

ENE 

14.2 

E 

8.3 

s 

6.5 

ENE 

5.2 

7 

NNE 

12.7 

NE 

20.1 

N 

10.0 

N 

16.8 

NW 

12.7 

6 

WNW 

8.3 

SSW 

8.6 

S 

6.1 

N 

6.1 

ESE 

7.1 

5 

SW 

7.5 

SW 

9.8 

W 

8.2 

N 

10.2 

WNW 

8.4 

4 

SW 

10.4 

SW 

13.1 

w 

9.0 

S 

6.5 

WNW 

7.6 

3 

sw 

10.1 

SW 

12.1 

w 

7.1 

s 

6.6 

SE 

4.8 

2 

E 

6.0 

E 

6.3 

WNW 

4.6 

N 

6.2 

WNW 

5.5 

1 

E 

6.7 

NNE 

7.2 

NW 

5.4 

S 

7.1 

WNW 

5.2 

31  July 

S 

6.3 

SW 

9.8 

w 

4.5 

SW 

7.5 

SW 

6.8 

31 


Table  2.     Wind  data,  Lake  Huron,  1954. 
Dir.  =  prevailing  direction;  mph  -  average  velocity,  mph 


Sault  Ste. 

Marie 

Alpena 

Detroit 

Date 

Dir. 

mph 

Dir. 

mph 

Dir. 

mph 

29  June 

ESE 

7.4 

SE 

7.7 

N 

3.8 

28 

WNW 

4.6 

NW 

6.6 

N 

10.1 

27 

WNW 

12.5 

NW 

17.0 

NNW 

14.3 

26 

WNW 

8.6 

NW 

8.0 

NW 

11.3 

25 

ESE 

3.5 

S 

4.7 

wsw 

10.7 

24 

SSW 

8.5 

SW 

7.4 

s 

7.2 

23 

WNW 

7.0 

NW 

9.3 

NNW 

10.8 

22 

WNW 

9.1 

W 

10.5 

WNW 

14.6 

21 

E 

5.4 

SE 

8.1 

SW 

10.1 

20 

SW 

9.1 

S 

9.3 

SSW 

8.0 

19 

WNW 

4.2 

SE 

5.1 

s 

8.3 

27  July 

SSW 

4.8 

SW 

7.0 

WNW 

7.8 

26 

WNW 

6.7 

W 

7.7 

N 

5.2 

25 

WNW 

8.4 

NW 

8.7 

NE 

5.6 

24 

WNW 

8.7 

NW 

6.8 

N 

4.9 

23 

WNW 

4.3 

NW 

7.6 

N 

4.1 

22 

NW 

7.6 

N 

6.8 

NE 

8.6 

21 

WNW 

7.6 

N 

7.8 

NNE 

10.5 

20 

WNW 

7.3 

N 

8.8 

SW 

11.0 

19 

SE 

6.0 

SE 

10.1 

NW 

7.5 

18 

WNW 

9.4 

NW 

11.3 

S 

9.2 

17 

E 

7.3 

S 

6.3 

SSE 

6.3 

25  August 

W 

7.6 

W 

9.8 

W 

8.4 

24 

WNW 

5.3 

W 

6.0 

W 

10.7 

23 

ESE 

8.7 

S 

8.7 

S 

6.8 

22 

ESE 

8.6 

SE 

8.4 

E 

7.7 

21 

WNW 

4.8 

SE 

6.8 

ENE 

7.0 

20 

WNW 

7.8 

NW 

7.1 

N 

7.1 

19 

WNW 

9.9 

NW 

10.3 

W 

9.7 

18 

E 

6.9 

S 

11.7 

SSE 

6.5 

17 

WNW 

7.9 

NW 

8.3 

N 

6.6 

16 

NW 

12.0 

NW 

13.4 

W 

9.5 

15 

W 

6.1 

NW 

7.3 

w 

8.3 
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